I. INTRODUCTION
The flexibility and extensibility of small Autonomous power systems have been a major priority in integrating distributed Energy Resources (DER) to Conventional Power Systems. These Autonomous Power Systems can be classified according to their capacity, as Utility grid, minigrid and micro-grid. According to Sharma and Singh in 2013, Micro grid is defined as a group of interconnected loads and DER within clearly defined electrical boundaries that act as a single controllable entity with respect to the grid. Micro grid, which is the focus of the future electricity grid has the advantage of reducing transmission losses as DERs and Loads are within limited geographic location. It also provides superior power quality for power system compare to individual DG unit and can be operated in both grid-connected and islanded mode [1] . Wind and Solar Power Sources are readily deployable than other Renewable Energy Sources (RES) in recent years. Environmental factors affecting Solar PV deployment is not as stringent as that of wind power, as a result Solar PV technology has gained more consideration than wind power utilization. Though Solar PV technologies are growing in various aspects, their main obstacles are low conversion efficiency of Solar PV Modules, high capital cost, and unpredictability. Solar PV power generation is capital intensive, both for producer of PV modules and consumers who buy solar PV products. Therefore, the subsidy from both Governmental and Non-Governmental organizations that reach prospective consumers are essential. On the supply side, Public-Private partnership is needed to increase manufacturing capacity and supply efficient solar PV materials and Consumers devices. World Bank and IFC are examples of international finance organizations that support Rural PV Electrification projects in developing countries. Such collaboration was exhibited in the newly inaugurated 10 Megawatts Solar Power plant in Nigeria at the University of Ibadan. The multi-million-dollar project is a product of negotiation and financing between Federal Government of Nigeria (FGN), through Tertiary Education Fund (TEF), German Government and University of Ibadan. Apart from the high net present cost in large-scale solar PV establishment, their low conversion efficiency is a major challenge for their extensive deployment. Various techniques have been devised to increase the efficiency of Solar PV systems, from the point of capturing to utilization. Solar energy depends on Solar Irradiance, which is the power of electromagnetic radiation per unit area incident on a surface. Typically, this flow is quantified as kWh per square meter per period (day, month, or year). Among other losses, capture losses have been reduced significantly by the use of tracking systems that monitors the sun's trajectory across the Earth. The tracking schemes position the solar collector devices perpendicular to the sun's ray to maximize DNI exposure. PV technology based on crystalline silicon has dominated PV terrestrial market for several decades and is still dominant. According to a report funded under clean energy fund in 2010, efficiencies of single crystalline silicon PV modules can range between 14% and 20%. Thin film module efficiencies are lower than crystalline silicon, with values ranging from 7% for Si to 14% for CIGS, with CdTe module around 12%. The above efficiencies given by manufacturers are for STC. Under field conditions, the efficiencies vary inversely with temperature coefficient of PV modules. In 2017, reference [2] used capacity factor as a benchmark to measure performance of Amorphous silicon and Mono silicon PV module in different locations under fixed tilt and single axis tracking conditions. The result of the above setup showed that amorphous silicon PV module performs better in all the locations but did not improve the CF as much as the variation of tracking mechanism, from fixed tilt to single axis tracking. At working temperature higher than 25 o C, modules with higher temperature coefficient perform least, while at temperature lower than 25 o C their performance is better [3] .
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Complex communication requirement and single-pointof-failure of centralized energy management system in islanded Micro-grid may introduce problems related to scalability and reliability. Furthermore, allocating an MGCC for each defined micro-grid in large-scale distribution systems seems to be costly and impractical [4] .
This work is aimed at decentralized control technique application for effective energy management in Microgrid network.
II. LITERATURE REVIEW
Micro-grid control system can be approached in hierarchical manner as primary, secondary and tertiary. According to [5] , primary control relies exclusively on local measurement and is composed of an output control stage responsible for tracking voltage and current references, while secondary control is for reliable and economical operations. Tertiary control is described as coordinated operation of several microgrids and host microgrid. In exclusively renewable micro-grid, the control objective is channeled towards having stable and reliable power supply from intermittent energy resources. Reference [6] highlighted three commonly used coordinated control strategies in microgrid that exhibits the features of communication based and communication less scheme. These include master-slave, Multi-agent and Peer-to-Peer. Among these control strategies, Peer-to-Peer does not depend on communication. In this strategy, each DG using Droop control is involved in voltage and frequency regulation. The characteristics of multi-agent control system described by the author can meet the need of distributed control in microgrid and provide a system that can embed with various kinds of control without management. Reference [7] divided Master-slave control into single and multi-master operations with both relying on MGCC. Reference [8] categorized EMS as communication-base and communication-less scheme and further subdivided communication base scheme into centralized and distributed EMS and highlighted advantages and limitations of communication-based and communication-less EMS schemes. According to the analysis, the former takes full advantage of intelligence in integration, computing and communication technologies in determining output power of each DG. From the analysis, Droop control method was probably the most popular strategy in the communicationless EMS and has obvious advantages over communicationbased schemes in terms of cost, as communication is not required, and it is expandable with true plug-and-play functionalities. Limitations of communication-less scheme are real and reactive power coupling in low voltage microgrid, power-sharing error due to mismatched DG output and the inability to address nonlinear current sharing among DG units. Hybrid combination of both schemes for better balance or system optimal operation, reliability, and resilience were proposed. Reference [9] used decentralized control method based on V-I droop characteristics to improve damping and dynamics of inverter-based DER. Results showed that the proposed method features faster dynamics than conventional Droop scheme. Reference [10] adjusted Microgrid frequency in proportion to battery State of Charge (SOC) by implementing a proposed droop curve. The proposed control strategy ensures good frequency regulation. Reference [11] presented energy management strategy, to operate grid-connected active PV system (APS) and energy storage in AC microgrid. This control strategy manages power between converters and Grid through DC Link, despite primary source and load fluctuations. The control strategy is like that employed in Hybrid microgrid single Interlinking Converter. In the case of hybrid microgrid loads are connected from both DC and AC bus forming DC and AC microgrid. Reference [12] proposed an improved droop control scheme, including interlinking converter, in which steady-state error is removed by using additional PI regulator. Various simulation scenarios in terms of load variations performed in MATLAB/Simulink shows that frequency of AC and voltage of DC Microgrids are controlled stably by using improved droop control scheme. Reference [13] proposed method of synchronizing and combining control of Solar PV generators and Battery storage to provide voltage and frequency (V-f) support to an Islanded Microgrid. Kyocera modelled KC200GT solar array using single Diode model to show V-I characteristics as represented in Fig. 1 and expressed mathematically in (1). 
where , is photocurrent at standard test condition (STC, 25 C, and 1000 W/m 2 );
1 is short circuit current/temperature coefficient; ∆ is difference between actual and nominal temperature in Kelvin; is irradiation of the device surface; is the nominal radiation, both in W/m 2 .
, is calculated based on (3). The method adopted for this work involves the design and modelling of the system under consideration.it consists of DES and fast acting power electronic converters as shown in Fig. 3 . The presented microgrid structure support parallel operation of multiple DC-AC converters, as well as DES at different location. The battery is connected to a dedicated Bi-directional DC-DC converter to ensure charge-discharge operation, while Uni-directional Inverter is used for the PV to restrict current flow in the reverse direction. The DES is connected to separate DC-link/converter as in the case of DG at different geographic location. IGBT PWM Converter is used for the DC-DC and DC-AC Converters. The DC-link Capacitor(C) makes DC input to the Grid forming converters appear as constant voltage source, while Cf1,
The microgrid Voltage and frequency are controlled by the Utility Grid during grid-connected mode. In the Islanded mode, Droop coordination control strategy is adopted to avoid Voltage/frequency deviation of parallel connected DC-AC converters at varying generation and consumption. 
A. Configuration of Bi-Directional Converters and Dc-DC Converter
Coordination of a pair of IGBT can constitute charging/Discharging Operation of DC-DC Converters as shown in Fig. 4 , while DC-AC Converter is a full bridge converter employing four IGBTs. 
B. Switching Control for DC-DC Buck/Boost Operation
The switching control of DC-DC Converter determines the operating mode of Microgrid. The reference power of the Battery is generated dynamically by subtracting active Power Demand (PL) from PV reference Power (Pvref). Pvref is the maximum allowable power from PV at a given condition of temperature and irradiance. To protect PV Cells at all time, the power corresponding to the least operating condition is considered. The battery reference power is then compared to its available Power (PBat) and the error from the comparison is passed through PI Controller. The resulting signal is compared with a triangular Waveform of unity In this way, the duty cycle of the switching signal is made proportional to the required charging/discharging rate as shown below. 
C. Mode Selection Algorithm
The different mode of Energy management unit can be selected by comparing SOC of Battery to Reference SOC and the active power of Solar PV (Ppv) to that of Power Demand (PL). Energy Management improvement is achieved through the following strategic modes; Buck, Boost, Load shedding and Power exporting mode. The mode selection algorithm is implemented in MATLAB/Simulink by combinational Logic as shown below. 
D. Droop Control Scheme
Droop characteristics are derived from a two-bus analysis, where DC-AC converters are modeled as voltage source with adjustable voltage magnitude and phase angle. The parallel inverters supply common load with each connected through output impedance to Load Bus. The power relation for commonly used transmission line is given in Table I . Active and reactive power supplied by each inverter depends on the kind of output impedance. R >> X approximation is adopted for output impedance of predominantly resistive, while output impedance of predominantly inductive, X >> R approximation is adopted. 
A. LC Filter Properties
The Properties of LC filter is illustrated in Fig. 12 by the Voltage waveform before and after filtering. The unfiltered and filtered Voltages of 
C. Active and Reactive Power Sharing Between Distributed Generators
Power-sharing features of Droop control is shown in Fig.  15 and 16 by the distribution of active and reactive power between DGs. Load power is shared among DGs according to their ratings as no limit is set for the DGs. Solar PV, being the energy source with the highest voltage Rating has a greater value of active and reactive power. 
